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S1PR2 deficiency caused downregulation of proinflammatory cytokines 
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Figure 
Decreased atherogenesis in mice lacking S1PR2. (A and B) Representative oil red O staining of spread aortas from S1pr2+/+Apoe–/– (n = 13) 
and S1pr2–/–Apoe–/– (n = 12) mice (N3 generation) after 8 and 16 weeks of HCD (A) and S1pr2+/+Apoe–/– (n = 11), S1pr2+/–Apoe–/– (n = 7), and 
S1pr2–/–Apoe–/– mice (n = 5) (N7 generation) after 16 weeks of HCD (B). Quantification of plaque areas is shown (right). *P < 0.05; **P < 0.01. 
(C–H) Histological analysis of the sections of the aortas from S1pr2+/+Apoe–/– and S1pr2–/–Apoe–/– mice (N3 generation). Oil red O staining (C); 
Azan staining (D); immunostaining of Mac-3 (E), α-SMA (F), and CD3 (G); and toluidine blue staining (arrowhead and arrows denote resting and 
activated mast cells, respectively) (H). Representative views are shown in the upper panels. Scale bars: 50 μm. Quantified data are shown in 
the lower panels (n = 5 each). *P < 0.05; **P < 0.01. Data are expressed as mean ± SEM.
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Deletion of S1PR2 in BM cells inhibits the atherosclerotic lesion for-
mation. We studied  the  role of S1PR2  in BM-derived cells  for 




S1PR2 deficiency inhibits the expression of inflammatory cytokines and adhesion molecules and stimulates the expression of an antiinflamma-
tory cytokine and phosphorylation of eNOS in the aorta of Apoe–/– mice. (A) mRNA expression levels of TNF-α, IL-6, IL-10, IFN-γ, and MCP-1 
(n = 5 each). (B) mRNA expression levels of VCAM-1 and ICAM-1 (n = 4 each). mRNA expression levels in the aortas from S1pr2+/+Apoe–/– and 
S1pr2–/–Apoe–/– mice fed HCD for 12 weeks were determined by real-time PCR in A and semiquantitative RT-PCR in B. 18S rRNA (for real-time 
PCR) and GAPDH (for RT-PCR) were used as internal controls. Data are expressed as the ratio of the values in S1pr2–/–Apoe–/– mice over 
S1pr2+/+Apoe–/– mice. *P < 0.05. (C) Representative immunostaining for VCAM-1 (upper panels) and ICAM-1 (lower panels) in the aortic sinus 
from S1pr2+/+Apoe–/– (left panels) and S1pr2–/–Apoe–/– (right panels) mice fed HCD for 12 weeks. Magnified views of the smaller boxed areas 
are shown in the insets (left upper of each panel). Scale bars: 100 μm. (D) Phosphorylation of eNOS in the aortas from S1pr2+/+Apoe–/– and 
S1pr2–/–Apoe–/– mice fed HCD for 12 weeks (n = 3 each). The extracts of the tissues were subjected to Western blotting, and quantified data are 
shown in the right panel. **P < 0.01. Data are expressed as mean ± SEM.
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Deletion of S1PR2 in BM cells inhibits the formation of atherosclerotic lesions. (A) Representative oil red O staining of spread aortas from 
S1pr2+/+Apoe–/– mice that received transplantation of BM from S1pr2+/+Apoe–/– (left panels) (n = 8) and S1pr2–/–Apoe–/– (right panels) (n = 7) 
donors 5 weeks prior to 12 weeks of HCD. Quantified plaque areas are shown (right). (B) Oil red O staining views of aortic cross sections of 
S1pr2+/+Apoe–/– mice reconstituted with S1pr2+/+Apoe–/– BM or S1pr2–/–Apoe–/– BM. Quantified stained areas are shown (right). **P < 0.01. Scale 
bars: 50 μm. Data are expressed as mean ± SEM.
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S1PR2 deficiency inhibits uptake 
of modified LDL and stimulates 
cholesterol efflux in BM-derived 
macrophages. (A) Foam cell for-
mation assay. Macrophages from 
S1pr2+/+Apoe–/– (left panels) and 
S1pr2–/–Apoe–/– (right panels) mice 
were exposed to oxLDL for 6 hours. 
Cells containing oil red O–positive 
fat droplets were considered foam 
cells. Scale bars: 20 μm. (B) Quan-
tified data of oil red O–positive cells. 
*P < 0.05. (C) Uptake of Dil-labeled 
acetylated–LDL (ac-LDL). Macro-
phages from S1pr2+/+Apoe–/– (left 
panel) and S1pr2–/–Apoe–/– (right 
panel) mice were incubated with 
Dil-labeled ac-LDL for 4 hours. 
Scale bars: 20 μm. (D) Quantified 
data of Dil-labeled ac-LDL uptake 
is shown. (n = 3 each). *P < 0.05. 
(E) Cholesterol efflux from choles-
terol-loaded macrophages. Macro-
phages from S1pr2+/+Apoe–/– (white 
bars) and S1pr2–/–Apoe–/– (black 
bars) mice were loaded with 
[3H]-labeled cholesterol. Choles-
terol-loaded macrophages were 
incubated in the media containing 
either 0.2% BSA, 2% serum (FBS), 
or 50 μg/ml HDL as acceptor for 
6 hours. The media and cells were 
collected for counting [3H] radioac-
tivity (n = 3 each). *P < 0.05. Data 
are expressed as mean ± SEM.
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The effect of S1PR2 deficiency on the mRNA and protein expression of genes involved in modified LDL uptake and cholesterol efflux in mac-
rophages. (A and B) mRNA expression levels of scavenger receptors (A) and cholesterol efflux transporters (B) in BM-derived macrophages 
from S1pr2+/+Apoe–/– (white bars) and S1pr2–/–Apoe–/– (black bars) mice. (C) Western blot analysis of the protein expression of CD36, ABCA1, 
and ABCG1 from S1pr2+/+Apoe–/– and S1pr2–/–Apoe–/– macrophages. (D) mRNA expression levels of transcription factors regulating cholesterol 
transporter expression. (A, B, and D) mRNAs were determined by real-time PCR. 18S rRNA was used as an internal control. Data are expressed 
as the ratio of the values in S1pr2–/–Apoe–/– mice over S1pr2+/+Apoe–/– mice (n = 4 each) and are shown as mean ± SEM. *P < 0.05.
research article
	 The	Journal	of	Clinical	Investigation      http://www.jci.org
research article























































The activity of the Rho/ROCK/NF-κB pathway is inhibited and Akt is 


























S1P acts as a chemorepellent for SMCs and inhibits SMC prolifera-
tion via S1PR2. SMCs from S1pr2+/+Apoe–/– mice expressed S1PR1, 












The activity of the Rho/ROCK/NF-κB pathway is inhibited in S1pr2-
deficient macrophages. (A–C) Serum-starved peritoneal macrophages 
from S1pr2+/+Apoe–/– (white bars) and S1pr2–/–Apoe–/– (black bars) 
mice were stimulated with S1P (0.1 μM) for 2 minutes (A), 5 minutes 
(B), or 20 minutes (C) and analyzed for GTP-Rho (A), phosphorylation 
(Thr850) of MYPT1 (B), and phosphorylation (Ser536) of NF-κB (p65) 
(C) as described in Methods (n = 3 each). (D) Peritoneal macrophages 
were stimulated with S1P (0.1 μM) for 6 hours. TNF-α mRNA level 
was determined by real-time PCR. (E–G) BM-derived macrophages 
from S1pr2+/+Apoe–/– (white bars) and S1pr2–/–Apoe–/– (black bars) 
mice were cultured in DMEM containing 10% FBS and treated with 
either JTE-K1, Y-27632 (Wako), or BAY11-7085 (Merck-Calbio-
chem) for 6 hours. mRNA expression levels of CD36 (E), ABCA1 (F), 
and LXRα (G) were determined by real-time PCR (n = 5 each). (H) 
Foam cell formation assay. Serum-starved BM-derived macrophages 
from S1pr2+/+Apoe–/– mice were exposed to oxLDL for 6 hours. S1P 
(0.1 μM), JTE-K1, Y-27632, and/or BAY11-7085 were added 6 hours 
before adding oxLDL. Quantified data of oil red O–positive cells are 
shown (n = 3 each). In A–H, the inhibitors (10 μM JTE-K1, 10 μM Y-27632, 
and 10 μM BAY11-7085) were added 10–30 minutes before S1P addi-
tion and present in the medium throughout the subsequent incuba-
tion. *P < 0.05; **P < 0.01; ***P < 0.001, as compared with nontreated 
S1pr2+/+Apoe–/– macrophages. #P < 0.05; ##P < 0.01; ###P < 0.001, as 
compared with S1P-treated S1pr2+/+Apoe–/– macrophages. Data are 
expressed as the ratio of the values in treated cells over nontreated 
cells and are shown as mean ± SEM (n = 5 each).
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S1PR2 mediates migration inhibition in macrophages. (A and B) Effects of S1P and MCP-1 on transwell migration in serum-starved peritoneal 
macrophages isolated from S1pr2+/+Apoe–/– and S1pr2–/–Apoe–/– mice. Macrophages were placed in the upper chamber. Various concentrations 
of S1P were added to either the lower chamber (A) or the upper chamber (B) in the presence or absence of MCP-1 (100 ng/ml) in the lower 
chamber. *P < 0.05 compared with the value in the absence of S1P (n = 4 each). (C) Effects of S1P and MCP-1 on Rac activity. Peritoneal mac-
rophages were not treated or treated with either S1P (0.1 μM) alone for 10 minutes, MCP-1 alone (100 ng/ml) for 3 minutes, or the combination 
of S1P and MCP-1. In the combination treatment, S1P was added 7 minutes before the addition of MCP-1. Amounts of GTP-bound Rac were 
determined by the pulldown assay (n = 3 each). *P < 0.05, compared with nontreated macrophages; #P < 0.05, compared with MCP-1–treated 
macrophages. (D) Western blot analysis of VLA-4 (integrin α4β1), LFA-1 (integrin αLβ2), and CCR2 expression on peritoneal macrophages, 
with α-tubulin as internal control. (E) Macrophage homing assay. Peritoneal macrophages isolated from S1pr2+/+GFP-Tg and S1pr2–/–GFP-Tg 
mice were injected via the tail vein into S1pr2+/+Apoe–/– mice fed HCD (n = 3 each). Sections of the aortic sinus were made and GFP-express-
ing cells infiltrating into the intima were observed under a fluorescent microscope (asterisks show the lumen), and GFP-positive cells were 
counted. Sections were counterstained with DAPI. Representative images (left) and quantified data are shown (right). **P < 0.01. Scale bars: 
50 μm. Data are expressed as mean ± SEM.
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S1PR2 deficiency inhibits the activity of the Rho/ROCK/NF-κB pathway but stimulates those of Akt and eNOS in ECs. (A) Phosphory-
lation of MYPT1 at Thr850, NF-κB (p65) at Ser536, Akt at Ser473, and eNOS at Ser1177. MLECs isolated from S1pr2+/+Apoe–/– and 
S1pr2–/–Apoe–/– mice were serum starved for 15 hours and then stimulated with S1P (0.1 μM) for 5 minutes (for MYPT1), for 20 minutes 
(for NF-κB), and for 20 minutes (for Akt and eNOS). Y-27632 (10 μM) was added 30 minutes before the addition of S1P and included in the 
medium throughout subsequent incubations. Quantified data of phosphorylation of MYPT1 (B), NF-κB (C), Akt (D), and eNOS (E) in MLECs 
from S1pr2+/+Apoe–/– (white bars) and S1pr2–/–Apoe–/– (black bars) mice are shown (n = 3 each). (F and G) MLECs from both groups of mice 
were serum starved for 15 hours and then stimulated with S1P (0.1 μM) for 6 hours. mRNA expression levels of MCP-1 (F) and GM-CSF (G) 
were determined by real-time PCR. 18S rRNA was used as an internal control (n = 5 each). *P < 0.05; **P < 0.01 compared with nontreated 
S1pr2+/+Apoe–/– MLECs. #P < 0.05; ##P < 0.01 compared with S1P-treated S1pr2+/+Apoe–/– MLECs. §§P < 0.01 compared with S1P-treated 
S1pr2–/–Apoe–/– MLECs. Data are expressed as mean ± SEM.
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S1PR2 mediates S1P-induced chemorepulsion and inhibition of proliferation in SMCs. (A) Enhancement of SMC growth from aortic explants from 
S1pr2–/–Apoe–/– mice. Outgrowth of SMCs from aortic explants from S1pr2+/+Apoe–/– and S1pr2–/–Apoe–/– mice are shown (n = 3 each). The explants 
were individually placed in the culture dish and cultured for 4 days. (A) Phase contrast microscopic views (upper left) and quantified data of out-
growing cells are shown (upper right). Anti-BrdU immunostaining of proliferating cells. Outgrowing SMCs were labeled with BrdU and processed 
for anti-BrdU immunofluorescence staining. Fluorescent microscopic views (lower left) and quantified data of proliferating cells are shown (lower 
right). **P < 0.01. Scale bars: 100 μm (upper panels); 20 μm (lower panels). (B) Effects of S1P and PDGF on transwell migration of SMCs isolated 
from S1pr2+/+Apoe–/– and S1pr2–/–Apoe–/– mice. Various concentrations of S1P were added to the lower chamber in the presence and absence of 
PDGF-BB (10 ng/ml) in the lower chamber (n = 4 each). *P < 0.05, compared with the values in the absence of S1P. (C) Effects of S1P and PDGF 
on Rac activity. SMCs isolated from S1pr2+/+Apoe–/– (white bars) and S1pr2–/–Apoe–/– (black bars) mice were not treated or treated with either S1P 
(0.1 μM) alone for 5 minutes, PDGF-BB (10 ng/ml) alone for 3 minutes, or the combination of S1P and PDGF-BB. In the combination treatment, S1P 
was added 2 minutes before the addition of PDGF. Amounts of GTP-bound Rac were determined by the pulldown assay (n = 3 each). *P < 0.05; 
**P < 0.01 compared with nontreated SMCs. ##P < 0.01 compared with PDGF-BB–treated SMCs. Data are expressed as mean ± SEM.
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Figure 0
Pharmacological blockade of S1PR2 inhibits atherosclerosis. (A) S1PR2 antagonist JTE-K1 (25 mg/kg) was dosed to S1pr2+/+Apoe–/– mice by 
oral gavage starting 2 weeks before 8 weeks of HCD. Representative oil red O staining of spread aortas from mice given vehicle (n = 7) or JTE-K1 
(n = 5). (B) Quantified data of oil red O–stained plaque areas are shown. *P < 0.05. (C and D) Immunostaining of Mac-3 (C) and α-SMA (D) in 
the sections of the aortas from S1pr2+/+Apoe–/– mice given vehicle or JTE-K1. Scale bars: 50 μm. Quantified data are shown in the lower panels 
(n = 5 each). *P < 0.05. (E) Uptake of Dil-labeled ac-LDL in JTE-K1 treated and nontreated S1pr2+/+Apoe–/– macrophages. Quantified data are 
shown (lower) (n = 3 each). Scale bars: 20 μm. *P < 0.05. (F) Cholesterol efflux in JTE-K1–treated and nontreated S1pr2+/+Apoe–/– macrophages 
(n = 3 each). *P < 0.05. Data are expressed as mean ± SEM.
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regulates  cellular  Rac  activity  and  cell migra-
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